The health of Swiss forests is now being monitored at some 160 permanent sites at 8 km intervals on a square grid. Data on the conditions of the tree crowns in 1993 and on the soil, climate, and topography have been analysed to determine the extent to which crown condition depends on these factors. Transparency was the only widespread symptom of ill health or lack of vigour, and it was common in only three species, Picea abies (L.) Karst., Abies alba Mill., and Fagus sylvatica L. Relations between transparency and the environmental variables recorded were weak, and for Fagus too weak to be of consequence. The strongest relations are with the soil water holding capacity for Picea, and with water holding capacity and carbonate content for Abies. It seems that the loss of leaves is the trees' natural physiological response to lack of water in the soil: drought is a sufficient explanation for the observed crown condition. The results and interpretation accord with those elsewhere in Europe in 1993.
Introduction heakh Q{ Swjss ioiestSj and in 1984 it selected
For some years the Swiss people have been con-some 760 sites for the purpose at the interseccerned about the health of their trees. This has tions of the Swiss National Grid at 4-km interbeen provoked as much by the serious deterio-vals (EAFV, 1988) . Each year thereafter the ration in forests elsewhere, especially in neigh-condition of the crowns was assessed, and the bouring Germany and the nearby Czech diameters and several other characters the trees Republic, as by local observations. Neverthe-were measured. The procedures for monitoring less, trees sicken and die; people notice, and and recording developed, and by 1991 they were quite naturally they wonder whether things are well established and standardized. As it hapgetting worse as a result of pollution, pened, there proved to be too many sites to pathogens, or climatic change. monitor properly with the resources available, The Swiss Federal Government provided and in 1993 it was decided to concentrate on a funds in the early 1980s to begin monitoring the quarter of them. The sampling grid was simply coarsened to 8 km, and only those sites lying on the 8 km intersections were retained. In this respect the sampling is the same as in Germany (Neuland et al., 1990; Bundesministerium filr Ernahrung, Landwirtschaft und Forsten, 1994) . The intention now is to record the condition of the trees in these plots each year using the same criteria, so that any deterioration (or improvement) will be detected.
In addition to observing the condition of the trees the surveyors have recorded the permanent characteristics of the plots-the topography, physiography and soil-and estimated precipitation and evapotranspiration from the records of the Swiss Meteorological Service. Thus there is for each plot a set of environmental measures in addition to the observations on the trees.
In preparation for detecting change we have analysed these data to identify relations among the variables, and in particular to see to what extent the condition of the trees depends on the environment and to what extent data should be stratified by environment for future analysis. This paper reports what we have done and the results.
Survey
The sites in the survey are spaced at 8 km intervals and lie on kilometre intersections of the Swiss National Grid. They were accepted provided that the intersections were under forest. No attempt was made to find alternatives for intersections that were unsuitable. Figure 1 shows the distribution of the sites and of forest.
At each site two concentric circles of areas 200 m 2 and 500 m 2 were defined in a horizontal plane. In the inner circle every tree with diameter at breast height (d.b.h.) greater than or equal to 12 cm was noted, while in the outer annulus only trees with d.b.h. of 36 cm or more were noted. The sites were visited in summer (July and August) 1993, and the condition of each tree was assessed. The tree's d.b.h. was measured, and its height was estimated. The condition of its crown was judged using several properties, namely, its transparency, the proportions of dead branches and dead twigs, and its colour in terms of the Munsell scales, hue, value and chroma, each of which was recorded separately.
The altitude of each site was taken from the topographic map, and slope gradient and aspect were measured. The soil profile was described from a pit dug on the periphery of the outer circle. The morphological properties of the soil were scored on more or less coarse scales, from 0 (meaning none) or 1 (meaning least). The scales were devised by Liischer et al. (1994) for the survey and are listed in Table 1 . Their increments represent steps of approximately equal importance (Webster and Oliver, 1990) . The soil water-holding capacity (water content at field capacity) was estimated from particle size distribution, stoniness, organic matter content, and density to the limit of plant rooting. Samples of soil were taken from the principal horizons for chemical analysis.
Apart from the chemical measures, which have still to be made, these records provide the data for the preliminary analysis. Table 2 summarizes the statistics of the environmental data. Altitude ranges from the lowest forests in Switzerland in Canton Ticino to ones near the tree line at nearly 2200 m. Precipitation and evapotranspiration also have large ranges. Canton Valais is especially dry, though maximum evapotranspiration is in Ticino.
Acidity, stoniness, and humus content of the soil all vary widely. The pH in the uppermost mineral horizon ranges from 3.5 to more than 7. Stone content varies from almost none to soil that is dominantly stones, and humus content may exceed 30 per cent. On the other hand the bulk density in the upper part of the profile is not very variable, hydromorphic features are fairly rare, and few profiles contain CaCO3 in the fine earth. The estimated water holding capacity varies substantially, from as little as 21 mm to more than 400 mm in the profile.
All the principal types of soil in Switzerland except peat are represented in the sample (Table  3) . The classification and nomenclature are those standard in Switzerland and are as defined in Peyer and Frei (1992 , 2-5, 5-10, 10-15, 15-20, 20-30, >30% no reaction to HC1, slight reaction (audible), moderate reaction (visible), strong reaction 1, 2, . . ., 7 none, 1-5, 6-10, 11-50, >50 roots per 100 cm 2 
Crown conditions
The diameters of the trees and the conditions of the crowns of the three principal species, Picea abies (L.) Karst. (Norway spruce), Fagus sylvatica L. (beech), and Abies alba Mill, (fir), were averaged over all threes within each plot in which they occurred. The means were then analysed to produce the summaries in Tables 4 to 6. Of the variables describing the crown conditions only transparency varies appreciably. The proportions of dead twigs and dead branches are small almost everywhere: a few plots with unusually large proportions account for most of the variation, inflating the means 
Relations and regression

Simple correlations
Relations among the variables, of the soil and environment, of the three species of tree, and of those of the trees with their environment, were examined graphically and by correlation analysis. Scatter diagrams were drawn for all pairs of variables. In all instances many data deviated widely from the principal axis. There was no evidence of non-linear relations between any pair or of strong skewness in the joint distributions. Pearson product-moment correlation coefficients (r) were computed. We scanned the correlation matrices for exceptionally large (absolute) coefficients between canopy conditions and environmental variables. None exceed 0.4 (explained variance less than 0.16), and few exceed 0.3 (explained variance less than 0.09).
For Picea the correlation for transparency and altitude was 0.33, and for transparency and water holding capacity (WHC) was -0.37. Transparency was related somewhat less to precipitation (r=0.28), evapotranspiration (r = -0.28) and stoniness of the soil (r = 0.27). The higher the sites on which the trees were growing the more dead twigs there were (r = 0.39) and the yellower the hue (r = -0.39).
There was a fairly similar pattern of relations for Abies. The larger absolute correlation coefficients were: WHC and transparency r = -0.25; evapotranspiration and dead twigs r = -0.30; altitude and hue r = -0.32.
The only correlation of note for Fagus was between precipitation and dead twigs, r = 0.35.
Both a principal component analysis and canonical correlation analysis (with the environmental and crown variables separated into two groups) were done on each correlation matrix. They revealed nothing further of the correlation structure, however.
Crown condition and soil type
Classification of soil type was not included in the correlation analysis. Instead the relations between crown conditions and soil type were assessed from a one-way analysis of variance. Only transparency of the conifers appeared to differ much from one soil type to another, and only the analyses for this property are tabulated ( Table 7) .
The table shows that trees with the most transparent crowns (largest means) are growing on rendzina, kalkbraunerde and podzol. The first two soil types are also the most stony and the ones that hold the least water; the third typically has a dense B horizon that can restrict root penetration and exploration.
Regression analysis
The above results seemed to point to a causal relation between the transparency of crowns and the ability of the soil to supply water to the trees (whether expressed as water holding capacity, stoniness, or soil type). As a final step we computed regression equations from which one might predict transparency.
For each species we sought that combination of the fewest variables that accounted for as much of the variance as possible. We used the standard techniques of forward selection and backward elimination programmed in Genstat (Genstat 5 Committee, 1987) . In the former variables are added to the equations in the order in which they contribute to the computed value of R 2 . The first is the one that contributes most (has the largest absolute correlation coefficient); the second is the one that makes the largest increase; and so on. A variable included in one step may be eliminated later if the exchange with another variable improves the prediction. The process stops when no further improvement seems possible. In backward elimination all variables are included initially. The first variable to be dropped from the equation is the one the omission of which makes the least difference to the residual sum of squares; the second to be dropped is the one that makes the least change to the updated residual sum of squares; and so on. As with forward selection, exchanges with previously eliminated variables can happen if the result is better. Genstat computes the residual mean square (RMS) at each step, and it halts the process when there is no sensible gain in the RMS. The final lists of variables are in general different, and it is for this reason that we have done both.
The results for Picea and Abies are presented in Tables 8 and 9 . For Fagus no combination of variables accounted for more than 4 per cent of the variance, and it has not seemed worth listing them. Table 8 shows that water holding capacity (WHC) makes a large contribution to the regressions (largest absolute t values), whether variables are chosen by forward selection or backward elimination. Only three others, namely altitude, acidity (which is closely related to humus form), are significant in the usual sense (t exceeding approximately 2 with 100 degrees of freedom and 95 per cent confidence). A regression including the first of three variables only gives the equation represented by the coefficients listed in Table 10 .
For Abies stepwise regression gave the same results by forward selection and backward elimination. Only the content of carbonate (t -2.54) was significant in the usual sense with 60 degrees of freedom. Two other variables were substantially more important than all the others, namely humus content (t= -1.69) and water holding capacity (= -1.34), for which carbonate content might be serving as surrogate. The regression equation with these variables is also listed in Table 10 .
Discussion and conclusion
The overall impression from analysing the survey data is of forests in reasonable health. Few trees bear dead branches, and the average proportion dead twigs on trees in the sample is small. Only the transparency of the trees is appreciable on average, and, as above, only this variable has seemed worth exploring in the survey data as a whole.
The multivariate analyses show there to be little redundancy in the data, in two senses. First, there is little duplication of information in the variables recorded for the trees and for the soil and environment separately, and second the correlation between the two sets of variables is weak. Inspection of the correlation matrices revealed a few relations that are at best modest and the vast majority are so weak as to be of no consequence. Of these that between water holding capacity (WHC) and transparency of Picea was notable and negative, i.e. the smaller the WHC the greater the transparency. Two soil types, namely rendzina and kalbraunerde, bore Picea the crowns of which were exceptionally transparent. Finally, stepwise regression by forward selection found WHC to be the most important variable accounting for the variance in crown transparency, followed by altitude (higher sites have trees with greater transparency) and acidity (the less acid the soil the greater transparency).
All these results point to lack of water in the soil as the principal cause of transparency in Picea. They accord with the results and interpretation of several other forest surveys in Europe in 1993 (Neuland etal., 1990; UN/ECE, 1993) . Acidity might be related because the soil with the least WHC tends to be stony rendzina.
The results for Abies seem to require a rather different explanation. WHC was negatively correlated with crown transparency, but less strongly than for Picea. The regression analysis suggests the amount of carbonate in the soil to be most important and to be positively correlated. The rendzinas and kalkbraunerde bore trees with the most transparent crowns. It is not clear from this survey whether the trees suffer from the soil's being calcareous or whether the loss of needles is caused by lack of water on these shallow and stony soils or some combination of the two.
The results differ somewhat from those of Schmid-Haas (1985) , who made a separate inventory of forest health in 1984. He found that defoliation of Picea increased as the quality of site became poorer. The health of Fagus seemed unrelated to site quality, as in this study, but rather surprisingly Abies had more transparent crowns on the better sites.
One could analyse more data of this kind in the search for causal explanations of the state of the trees. However, we believe that it is unlikely to be profitable on a national scale for two rea-sons. First, it is not obvious that the trees in the survey are suffering in general other than from drought. Drought is a sufficient explanation for the evidence. Second, to identify and explain with assurance what is almost certainly local ill health will require massive sampling if tackled in this way. It seems that if there is known to be damage or damage is strongly suspected in some localities then the way forward is to go to those places and record the state of the trees and compare it with the condition of trees at nearby sites where the trees look healthy and appear to be growing in similar natural environmentssimilar altitude, rainfall, and soil. One might then search for man-made causes of the poor condition of the trees specifically in those localities.
